Objective: Finger flexion contractures are an important cause of disability in patients with systemic sclerosis; however, their pathophysiology is poorly understood. Our aim was to assess the feasibility of scanning finger flexor tendons in patients with systemic sclerosis and explore the ultrasound findings in these tendons, including measurement of finger flexor tendon complex. Methods: Grey-scale and power Doppler ultrasound assessment of the finger flexor tendon complex including tendon structure and surrounding soft tissue. Measurements of the finger flexor tendon complex (A1 pulley, tendon and palmar plate) were made. Feasibility was assessed by the number of fingers which could be measured. Results: We studied the second to fifth flexor tendons (n = 160) of both hands in 20 patients with systemic sclerosis, including early and established disease. We were able to assess the finger flexor tendon complex and make measurements of the flexor tendon and palmar plate in all (n = 40) and A1 pulley in almost all (n = 39) of the studied fingers. Common pathologies identified included peritendinous (n = 12) and soft tissue (n = 8) calcification. Tendon thickening was seen in six patients, but synovitis/tenosynovitis was rare. The A1 pulley was thickened in patients with systemic sclerosis (0.46 mm), in particular, those with diffuse cutaneous systemic sclerosis (0.50 mm).
Introduction
Finger flexion contractures are an important cause of disability in many patients with systemic sclerosis (SSc); however, the pathophysiology behind these is poorly understood. In some patients, finger flexion contractures can progress very quickly (i.e. over months rather than years) and may persist even in later disease when the skin may waste away. Previous studies [1] [2] [3] [4] using ultrasound (US) and magnetic resonance imaging (MRI) have demonstrated evidence of synovitis and tenosynovitis (both have a reported frequency of up to 50%), 1, 2 including erosive disease in patients with SSc. Whether inflammation is important in the development of contractures in SSc is currently unknown. In addition, calcinosis is common in patients with SSc, and this could also have a potentially contributory role in the development of hand deformities/ contractures in SSc.
Against this background, the primary aim of our study was to determine the feasibility of assessing the finger flexor tendon complex (FFTC) in patients with SSc and a broad spectrum of both disease duration and subtype. Our secondary aim was to describe ultrasonographic findings of the FFTC, including measurements of the A1 pulley, flexor tendon and palmar plate in patients with SSc.
Material and methods

Study design
We examined the FFTC in 20 patients (160 fingers) with SSc and a spectrum of both disease subtype and duration. Patients with SSc were recruited from a UK tertiary referral centre. All patients had a confirmed diagnosis of SSc and fulfilled the American College of Rheumatology/European League Against Rheumatism classification criteria. 5 Our study design sought to include 10 patients with 'early' and 10 patients with 'late' SSc, where 'early' SSc was defined as ⩽5 years from the onset of skin thickening. Within both groups, we sought to include equal numbers of patients with both limited and diffuse cutaneous SSc (lcSSc and dcSSc). 6 Key exclusion criteria included patients with diabetic cheiroarthropathy and a history of extensive hand surgery including sympathectomy (as these can cause hand contractures), known overlap inflammatory arthritis, and significant hand contracture where the probe could not make physical contact with the hand to perform the scan. Baseline clinical and demographic data were collected. SSc-related hand involvement was assessed by the finger to palm distance (FPD) (measured in mm) and mean finger Rodnan skin score (mRSS), the latter of which is scored between 0 (not involved) and 3 (severe thickening). The study was approved by the North of Scotland Research Ethics Service (REC reference -17/NS/0061) and all patients signed informed consent.
US assessment and measurement of the FFTC. US was performed by a Rheumatologist/Ultrasongrapher (S.C.) with over 10 years' experience of musculoskeletal US, and who was blinded to the clinical findings (i.e. ultrasonographer did not know whether patient had limited or diffuse, early or late disease and any other diseaserelated characteristics). Logic E (GE®) portable US machine with a high-frequency (8-18 MHz) hockey stick probe was used to perform the study scans. The second to fifth flexor tendons in both hands were assessed on the volar aspect in the longitudinal view, from just proximal of the metacarpophalangeal (MCP) joint to the insertion distal to the distal interphalangeal (DIP) joint, including the proximal interphalangeal (PIP) joint. The patients were scanned in a 'neutral' position as discussed below. Grey-scale assessment was performed looking at tendon structure, tenosynovitis, calcification, joint (MCP/PIP/DIP) abnormalities. Any abnormalities of the flexor tendon were confirmed in a cross-sectional view. Whereas, any joint abnormalities were confirmed using a dorsal longitudinal scan.
Measurements were performed of the third (middle) finger (as this is the finger commonly used to measure FPD) at the level of the MCP joint for: (1) A1 pulley, (2) flexor tendon and (3) palmar plate. The pulley was measured at the widest/thickest portion. Feasibility was assessed by the number of fingers which could be measured. Doppler US was performed if there was grey-scale evidence of tenosynovitis and/or synovitis, which was graded semi-quantitatively (0-3), using a well-validated scoring system. 7, 8 In brief, 0 = no synovitis, 1 = mild synovitis not extending beyond the joint line, 2 = extending the joint line but concave and 3 = extending the joint line and bulging upwards. Examples of normal tendon structure and measurement of the FFTC are provided in Figure 1 . The softtissue structure was also assessed during the scans (e.g. for the presence of calcification).
Normal values (mean, standard deviation (SD)) for the thickness of the A1 pulley have been previously published 9 in healthy controls in both 'neutral' and 'hooked' (akin to contracted SSc fingers) grip positions: 0.38 (0.15) and 0.37 (0.15) mm, respectively 9 and these 'hooked' values were used in our study for comparison with SSc patients.
Statistical analysis. Data are presented as descriptive statistics. Where appropriate, the mean values of the right and left hands were used in the analysis. For ultrasonographic assessment of the FFTC, we provide the number of patients with that finding (e.g. tenosynovitis) and the maximum number of fingers (in at least one patient) which were involved. 
Results
Study population
The demographic and clinical characteristics of the patients are provided in Table 1 .
Assessment of feasibility of assessing the FFTC by US
We were able to assess the FFTC and make measurements of the flexor tendon and palmar plate in all (n = 40) the studied fingers. The A1 pulley could be measured in almost all (n = 39/40) of the studied fingers.
Ultrasongraphic assessment of the FFTC
Any thickening of the finger tendons (by visual inspection, including hypoechogenicity within the tendon fibres), and on direct measurement was observed in six patients (30%; maximum number of fingers involved in any patient = 6). Tenosynovitis was rare (n = 2, 10%; maximum of two fingers). Tendon calcification was seen in over half (n = 12, 60%; maximum of three fingers) of patients. Osteoarthritis was present in a quarter (n = 5) of patients (maximum of three fingers). Synovitis was rare (n = 3, 15%; maximum of three fingers) and was low-grade (Grade 1) in the majority of joints (Grade 2 in one PIP joint only). Almost half of patients had evidence of minor joint effusion particularly in PIP joints on grey scale (n = 8, 40%; maximum of seven fingers), which was not clinically relevant. Joint calcification was seen in six patients (30%; maximum of three fingers). Soft tissue calcification was observed in eight patients (40%; maximum of six fingers). Example images of abnormal tendon structure including thickening of the FFTC, as well as tendon and soft tissue calcification, are provided in Figure 1 .
Measurement of the FFTC
Measurements (A1 pulley, tendon and palmar plate) of the FFTC are presented in Table 2 . The mean (SD) measurement of the A1 pulley was 0.46 (0.13) mm and was higher in patients with dcSSc than with lcSSc but similar in those with early and late disease. Mean (SD) tendon measurement was 3.5 (0.04) mm, and with no important differences between patients with lcSSc and dcSSc or early or late disease. Mean (SD) palmar plate was 2.9 (0.5) mm and with no important differences between patients with lcSSc and dcSSc or early and late disease.
Discussion
To our knowledge, this is the first study to explore abnormalities of finger flexor tendons as a potential cause for finger flexion contractures. This study demonstrated the feasibility of studying the FFTC complex with US, with measurements possible in almost all patients with SSc. Over half of patients had evidence of tendon calcification. Furthermore, around half of patients had evidence of soft tissue calcification and a number of patients also had joint calcification. Active tenosynovitis/synovitis with Doppler was rare. In this study, the A1 pulley was thickened, in particular, in dcSSc.
The A1 pulley is an important mechanism of the flexor apparatus of the digit and has been reported to be involved (thickened) in patients with trigger finger. 9,10 Therefore, focal abnormality (including through enlargement) of the A1 pulley could result in progressive impingement and with eventual persistent sticking/failure of the FFTC.
It is important to highlight that the presence of tenosynovitis and inflammatory arthritis in our cohort was lower than has been previously reported. 3, 11 For example, in our previous study, which included 17 patients with SSc and with no known overt inflammatory arthritis, at baseline and 6 months, tenosynovitis was seen in 46% and 47% of patients, and synovitis in 6% and 23%. 3 This may be explained by the fact that in the previous study, 3 we studied patients with small joint arthralgia. In this study, the presence of minor joint effusion was observed in around half of patients, which is in keeping with a previous Italian study in which joint effusion was found in 49% (n = 45) of patients as assessed by US. 1 The role of inflammatory tendon disease in SSc requires further investigation, as this may also contribute to the development of hand contractures (e.g. through fibrosing stenosing tenosynovitis).
Our study has a number of important limitations. This was a cross-sectional study with the primary aim to determine the feasibility of US to assess the FFTC in SSc. Although the patient sample size was limited, we examined patients with a wide spectrum of disease. In this study, we did not include a healthy control (comparator) group and used previously published values (normal and abnormal) for the A1 pulley.
In future studies, larger numbers of patients, including specific patient subgroups, in particular, early dcSSc should be studied, including longitudinal assessment of the FFTC. It will also be important to include patients with contractures, so see whether measurements are feasible in the presence of contractures. In our study, we chose pragmatically to study the index to ring fingers inclusive, and performed measurements only of the middle (third) finger FFTC, as this finger is commonly used to calculate FPD. However, in future studies, the thumb should also be assessed as this may be an important determinant in predicting future hand function and disability. Furthermore, the extensor finger tendons should also be examined, as these might also have an important role in the development of hand contractures. In future research, a matched control group should be used including to define normal/abnormal values of the tendon and palmar plate. Intra-and interobserver reproducibility should also be assessed.
In conclusion, this study shows that calcification of both tendon and soft tissue is common in patients with SSc, and also thickening of the A1 pulley. Inflammatory joint and tendon disease was rare. We propose that soft tissue calcification and A1 pulley thickness should be assessed in future studies as potential non-inflammatory causes of finger flexor contractures. Longitudinal studies are required to further examine the role of these local/ mechanical factors in the development of hand contractures in SSc. Better understanding of the pathophysiology of finger flexion deformities may, in the future, inform new treatment approaches.
